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镍基催化剂的一氧化碳加氢活性按照以下顺序递增：Ni/MgO < Ni/Al2O3 <










NiiZrjSck) ，其对 CO和 CO2共甲烷化制 SNG显示出极好的催化活性、极高的甲
烷选择性、以及优良的耐热性能。在组成经优化的 Ni6Zr3Sc1催化剂上，0.1 MPa,
573 K, V(H2)/V(CO)V(CO2)/V(N2) = 75/15/5/5, GHSV = 40000 mL h−1 g−1的反应条















保持在 100%和 85%的高水平，相应的生成物甲烷选择性是 100%。耐热试验结
果显示，在经历 973 K 甲烷化反应 24 h、而后降至 573 K 的 Ni6Zr3Sc1催化剂试
样上，CO和 CO2的总转化率仍稳定保持在 80.2%的水平；而不含 Sc2O3添加剂
的原基质 Ni6Zr4催化剂的相应值已降至 2.7%，意味着该催化剂已因烧结而失活。
催化剂的表征研究结果表明，相比于未添加 Sc3+的 Ni6Zr4催化剂，相当数量





















Production of synthetic natural gas (SNG) using synthesis gas from coal or
biomass via methanation draws much interest because of the longer availability of
these resources. SNG is a gas having properties (e.g., composition, heating value, and
combustibility) identical to natural gas (>95% methane). The advantages of producing
SNG are the high conversion efficiency, the already existing gas distribution
infrastructure such as pipelines and the well-established and efficient end-use
technologies. On the other hand, its production process allows for an easy and
cost-effective carbon dioxide (CO2) removal as the separation of a highly
concentrated CO2 stream is inherent for the production of SNG in pipeline quality.
The traditional catalyst for methanation is Ni supported on aluminum oxide. Ru
and Co based catalysts are known to be more active than Ni catalyst but they are also
significantly more expensive. Iron, however, is usually much less active and more
prone to carbon deposition. Takenaka reported that the activity of supported Ni
catalysts for CO methanation was dependent strongly on the type of catalytic supports,
and the observed conversions of CO at 523 K were higher in the order of Ni/MgO <
Ni/Al2O3 < Ni/SiO2 < Ni/TiO2 < Ni/ZrO2. The methanation of CO and/or CO2 on
Ni-based catalysts was studied by other authors. Nevertheless, from the practical
viewpoint, the activity, especially operation stability, of Ni-based catalysts can still be
improved.
With the goal of developing a new nickel-based methanation catalyst which is
high active, high selective, low temperature operated, high temperature tolerated,
anti-carbon deposited, long-time worked, and low-cost, the methanation reaction
thermodynamics and kinetics were analysed, the active ingredient Ni, the catalyst
carrier ZrO2 and a rare earth additives Sc were sifted, a new nickel-based methanation
catalyst was prepared. The nickel-based methanation catalyst was analysed by a
variety of physical and chemical methods to study the nature of the promoter action
by Sc, such as TEM, SEM, EDS, H2-TPR, H2-TPD, BET, XRD, XPS, etc.
In the present work, a type of highly efficient Ni-ZrO2 catalysts doped with
Sc2O3 for co-methanation of CO and CO2 was developed. The catalysts (denoted as















catalyst under the reaction conditions of 0.1 MPa, 573 K, V(H2)/V(CO)V(CO2)/V(N2)
= 75/15/5/5, GHSV = 40000 mL h−1 g−1 (outlet), the observed conversion of CO and
CO2 maintained continuously at high levels of 100% and 85%, respectively, during
20∼332 h after the reaction started, with the corresponding selectivity of CH4 product
being 100%. The results of heat-resisting test showed that, over the Ni6Zr3Sc1 catalyst
after undergoing 24 h of the methanation operation at 973 K followed by going down
to 573 K, the total conversion of (CO+CO2) still maintained stable at the level of
80.2%, whereas that of the Sc2O3-free Ni6Zr4 catalyst after undergoing the same
heat-resisting test fell to 2.7%, implying that it was deactivated due to sintering.
The results of the catalyst characterization showed that the high activity, and
especially the extremely high thermal stability, of the Ni6Zr3Sc1 catalyst for CO &
CO2 co-methanation, are associated with the formation of (Zr-Sc)Oy oxide with
c-ZrO2 structure. Solution of a considerable amount of Sc3+ in the ZrO2 lattice resulted
in the formation of (Zr-Sc)Oy composite oxide with simple c-ZrO2 phase-structure. It
is the major factor for the higher activity, especially higher thermal stability, of the
Ni6Zr3Sc1 catalyst, compared to that of the Sc3+-free Ni6Zr4 catalyst.
The results of the present work shed light on the design of practical catalysts for
the co-methanation of CO and CO2.
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